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INTERNATIONAL AWARD FOR PEARL MILLET RESEARCH 
Washington, Oct. 30--At a ceremony during the annual International Centers Week meeting 
(Oct. 3%Nov.2) of the Consultative Group on International Agricultural Research 
(CGIAR), the King Baudouin International Agricultural Research Award was presented to 
the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) based in 
Hyderabad, India, for its successful work on pearl millet improvement. 
In his congratulatory speech, the Belgian Ambassador to the United States, H.E. Andre 
Adam, referred to pearl millet as a virtually “‘unimprovable” crop. He said that since 
thousands of years of natural selection and refinement by farmers had made pearl millet 
uniquely able to withstand conditions such as drought, heat, and flash floods that would 
have wiped out other crops, it was “unfair to ask scientists to improve such a crop.” Yet 
this, he continued, was precisely what the scientists had achieved. 
The mandate of ICRISAT, is to improve agriculture in the semi-arid tropics. Pearl millet is 
grown in the driest areas of this region home to one-sixth of the world’s population. One of 
the most significant achievements of the ICRISAT scientists was to incorporate resistance 
to diseases that have traditionally afflicted pearl millet, a staple food for tens of millions of 
poor peopIe in Africa and India. 
ICRISAT is the eighth recipient of the prestigious research award, which was established in 
1980. In that year, the Consultative Group on International Agricultural Research (CGIAR) 
received the King Baudouin International Development Prize “for its contribution to the 
qualitative and quantitative improvement of food production in the world.” The prize was 
intended “to remind Belgium and international public opinion that the problems of 
development remain as serious today, and even more so, as shortly after the Second World 
War, when they gradually came to light in the collective conscience of nations.” 
The following year, after consultations with the Kingdom of Belgium, and using funds 
received from the King Baudouin International Development Prize, the CGIAR established 
its own biennial King Baudouin Award “to acknowledge and stimulate agricultural 
research-and recognize an International Center’s contribution to the development of the 
third worid, and the agricultural production of ordinary farmers.” 
ICRISAT Director General Dr. James G Ryan received the award from Dr. Donald L 
Winkelmann, Chairman of the Technical Advisory Committee of the CGL4R. 
BACKGROUND 
A New Generation of Pearl Millet on the Horizon 
ICNSAT scientists in India are testing a new generation ofpearl millet that could expand the 
horizons for this poor man ‘s crop in Asia and Africa. It is hoped that evaluations starting in the 
1996 rainy season will confirm the readiness of new hybrids that have more durable 
heterogeneous resistance and visual uniformity acceptable to both farmers and seed companies. 
Ifthe trials are successful the new hybrids could reach farmers as early as 1998, crowning 24 
years of efSorts to improve what is already a miracle performed under environmental extremes. 
Reliability 
Pearl millet is the only cereal that reliably provides grain and fodder under dryland conditions, 
on shallow or sandy soils with low fertility and low water holding capacity. In drier parts of 
Africa and Asia, pearl millet is the staple food grain. In more hospitable areas, it is fed to 
bullocks, milch animals and poultry. 
While pearl millet farmers have managed to feed their families under harsh conditions for 
centuries, population growth is outstripping their capacity to meet new demand with ancient 
practices and landraces. Scientists need to know more about the crop’s tolerances in order to 
boost yields and expand the land under cultivation in harsh environments where other crops are 
unsustainable. 
India, which produces more than half the world’s pearl millet, has been the center of research 
efforts to meet this challenge since the 1960s when the availability of cytoplasmic-genie male- 
sterile lines brought a succession of hybrids. Before ICRISAT was founded in 1972: most of the 
research was done by the Indian Council of Agricultural Research (ICAR) and other Indian 
organizations which raised yields to new highs. Since the mid-l 96Os, when hybrid pear1 millets 
were first introduced in India, average grain yields have nearly doubled despite a considerable 
shift to more marginal production environments. 
Limitations Exposed 
However, downy mildew of epidemic proportions soon exposed the limitations of the hybrids. 
While landraces with inherent genetic diversity survived the epidemic, genetically uniform 
hybrids failed. One of them (HB3) had been adopted widely in India but was devastated by 
downy mildew and had to be withdrawn from cultivation. Downy mildew (Sclerospora 
graminicola) is a fungus that can persist in the soil from one season to the next and spread 
rapidly from one plant to another by means of asexual spores. 
Tens of millions of poor people depend on pearl millet and ICRlSAT turned to west and central 
Africa, the primary source of genetic diversity, for reinforcement. Open-pollinated cultivars, 
including WC-C75 and ICTP 8203, provided new resistance to downy mildew, increased grain 
yields and gave scientists time to develop new materials with even better yields and quality. Ten 
years after their introduction the reinforced crops remain resistant. More recently new materials 
have been introduced that show grain and stover yields which are at least 10 percent higher than 
those of the first generation of ICRISAT-bred earl millets, often combined with even shorter 
growth season requirements. 
At the same time the ftrst open-pollinated ICRISAT cultivars were introduced, single-cross 
hybrid cultivars including ICMH 45 1, ICMH 423, and ICMH 356 were bred using at least one 
African parent. Many other materials of Indian origin were crossed with African germplasm. F3 
and F4 materials were used to derive hybrid pollen parents and parents of synthetic varieties. 
Screening techniques were developed at the ICRISAT Asia Center and other hotspot locations. 
Among the products generated and released are ICMS 7703, ICMV 155 and ICMV 221. Indian 
farmers experienced two further downy mildew epidemics during the 1980s and ICRISAT-bred 
materials withstood both. 
Consolidation 
Consolidating these gains, ICRISAT scientists have identified: 
l sources of two new classes of resistance: recoveqv resistance by which pathogen and host 
coexist without affecting yield (i.e., the plants outgrow the pathogen to produce symptomless 
grain heads); and complete resistance to virulent strains (i.e., resistance that remains effective 
regardless of how much inoculum is used in attempts to initiate infection) 
l a method to select for resistance from the residual variability normally present within 
susceptible cultivars; 
l top-cross pollinators and hybrids with extremely good yield potential; 
l a systemic fungicide, metalaxyl, which can control the disease for short periods when certain 
resistances become ineffective and alternative resistant cultivars are unavailable. 
Molecular mapping has also expanded knowledge of downy mildew resistance. It has shown 
that: 
l many genes contribute to downy mildew resistance; 
l these genes are scattered throughout the host genome; 
l pathogen-strain specificity is the rule for each of these genes, and 
l a large portion of resistance to a given pathogen population can be accounted for by relatively 
few genes. 
Two decades of focused research with national agricultural research systems have also yielded 
screening techniques and cultivars resistant to the pearl millet grain-replacement diseases, ergot 
(Claviceps fusiformis) and smut (Tolyposporium penicillariae). 
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Sharing New Materials 
Another major accomplishment of ICRISAT’s pearl millet team has been the global diffusion of 
new materials. Efforts to incorporate drought tolerance led ICWSAT to a west African landrace 
called Iniadi which matures in 70-85 days, is well adapted to low soil fertility, resists diseases, 
and is especially tolerant of drought. Yields range from 0.8 to 2.5 t ha. 
At Kansas State University in the United States, Iniadi has become a principal exotic germplasm 
source because of its earliness even at latitude 39 degrees N. Two male-sterile lines developed 
from Iniadi materials---843A (ICMA 2) and 842A (ICMA 3)---were recommended by the Indian 
national program for general use as seed parents. Today, at least half of all hybrids marketed by 
India’s private sector, are produced from these lines. 
Investment Repaid 
It has been conservatively estimated that the annual returns to India’s fanners from pearl millet 
varieties developed by ICRISAT total $50 million--- more than 12 times the cost of its investment 
in pearl millet research. 
Collaboration 
A virtuous cycle of collaboration has been completed which started in Burkina Faso in 1979, 
when Iniadi, a local landrace, was taken to India. Okashana 1, a variety based on Iniadi 
germplasm but not identical to the landrace from Burkina Faso, grown on a demonstration plot at 
the ICRISAT Asia Center, was selected for trials in Zimbabwe. From there it was taken to 
Namibia where it was released in 1990 and enthusiastically adopted by farmers. Okashana 1 is 
now the most popular variety in Namibia, the only non-Sahel&n country where pearl millet is the 
cereal of choice for consumers. In 1991, Okashana 1 was introduced to Chad for trials and is 
likely to be planted on more than 100,000 ha within two years. It is also being widely grown in 
Mauritania and Benin 
ICRISAT’s long range goal is to explore the potential of pearl millet in chronic drought-prone 
areas of southern Africa and non-traditional environments such as South America. Maize is 
preferred by consumers in both places, but in southern Africa in particular, the hardy pearl millet 
could dramatically improve farmers’ prospects for food security. 
l Annual millet yield losses@om abiotic and biotic stresses that couId be overcome by 
research total more than $1.3 billion. 
l Asia is the world’s leading millet producer, but Apica’s millet harvest rose 28percent 
between the early 1970s and 1990s and the percentage of A?icans who grow millet for 
domestic food consumption is rising. 
(25 Years of Food and Agriculture Improvement. CGIAR 197 l-l 996) 
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BACKGROUND-T'HEKINGBAIJDMJINAWARD 
In 1980 the Consultative Group on International Agricultural Research (CGIAR) received the King 
Baudouin International Development Prize “for its contribution to the qualitative and quantitative 
improvement of food production in the world.” The prize was established to reward “persons or 
organizations, irrespective to nationality, which have made a significant contribution to the development 
of the Third World, as also to solidarity and good relations between industrial and developing countries 
and between their peoples. The prize is likewise intended to remind Belgium and international public 
opinion that the problems of development remain as serious today, and even more so, as shortly after the 
Second World War: when they gradually came to light in the collective consciousness of nations.” 
The following year, after consultations with the Kingdom of Belgium, and using funds received from the 
King Baudouin International Development Prize, the CGIAR established its own biennial King Baudouin 
Award “to acknowledge and stimulate agricultural research and other activities relevant to the System 
and to recognize an achievement stemming from the work of a Center.” Further, the guidelines state: 
“The Award should acknowledge and stimulate agricultural research and other activities relevant to the 
CGIAR System and recognize an International Center’s contribution to the development of the Third 
World: and agricultural production of ordinary farmers. The Award is intended to recognize the 
appiication, use and impact of a particular technolo,T, material or knowledge developed by any of the 
International Centers. However, significant research achievements with great potential impact should 
receive full consideration and should not be penalized because the impact has not yet been seen. 
To date six centers-The International Rice Research Institute (IRRI; 1982), Centro Intemacional de 
Agricultura Tropical (CIAT; 1984), International Institute of Tropical Agriculture (IITA; 1986). and 
Centro Intemacional de Mejoramiento de Maiz y Trigo (CIMMYT; 1988), IITA and CIAT (1990), and 
the International Potato Center (CIP; 1992), and again IITA (1994): have been recognized. 
Im: IR36 RICE VARIETY 
The first King Baudouin Award, in 1982, went to IRRI for its breeding program in the development in 
IR36, an early maturin g, high-yielding rice variety with a broad spectrum of resistance to biological 
stresses and tolerance for numerous physicochemical stresses. 
IR36 was the first improved rice variety to have multiple resistance to all the major diseases and insects 
in the Philippines, includin g blast, bacterial blight, tungro: grassy stunt, green leafhopper, brown 
planthopper, and stem borer; and in Sri Lanka and India it had resistance to gall midge. In wetlands, it 
was tolerant of soil salinity. iron and boron toxicity, and zinc deficiency; in dryiands, it was tolerant or 
iron deficiency and aluminum toxity, and also had a moderate level of drought resistance. 
Yield potential was stable at 4 to 6 tons/ha under most farmers’ conditions. In its best trials it yielded 9 
tons/ha. 
Background-The King Baudouin Award , 
When CIAT began working on the Bean Golden Mosaic Virus (BGMV) in 1972, field resistance was 
unknown. In 1974 a USAID bilateral project at Guatemala’s Instituto de Ciencia y Technologia 
Agricolas (ICTA) funded the screening of more than 6,000 entries from the CIAT gene bank for BGMV 
resistance under natural heavy pressure of the disease. Virus pressure was further increased by 
surrounding the experimental plots with lima beans (a virus source) and with cotton, tobacco, and 
soybeans to attract the whitefly vector. 
These germplasm screenings revealed several resistant parental lines from Colombia, El Salvador, and 
Costa Rica. Guatemala and El Salvador were selected as the growing site for most of the experiments 
because these countries were the most heaviiy attacked by BGMV. 
The first crosses were made at CIAT in 1975-1976. Offspring of these crosses were selected and by 
1978-1979, on-farm yield testing showed encouraging results. One cross, DOR 41, grown without using 
chemical inputs against whitefly, yielded 1300 kg/ha, while the BGMV-susceptible commercial variety 
yielded 550 kg/ha. With chemical protection DOR 42, another cross, yielded 60% more than the 
commercial variety. 
In 1979? three lines were released. The new varieties quickly spread and by 1982-1983,40% of the 
small and 60% of the large bean growers were growing the new varieties.. 
CIAT’s research achievement won the King Baudouin Award in 1984. 
IITA: BREEDINGFORMAIZESTREAKVTRUSRESISTANCE 
In 1975 IITA scientists began a program to overcome maize streak virus (MSV), a major endemic 
disease affecting maize throughout Africa. A multidisciplinary team of entomologists, virologists, 
pathologists, and breeders worked to solve this problem through resistance breeding. 
IITA entomologists developed a colony of the leafhopper vector (Cicadulina trianula), fed them on 
streak-infested plants, and released them on maize germplasm within the confines of a screenhouse. 
Since then the method has been refined so that it is now possible to rear 200,000 leafhoppers and infest 
50,000 plants per week in the field. 
Two source of resistance were initially identified: IB32, a streak-resistant line developed from the maize 
population TZ-Y and “La Revolution” developed in Reunion Island. These two sources combined to 
show a high degree of tolerance to the virus. 
With a reliable screening method and appropriate sources of resistance, IITA and CIh4MYT breeders 
initiated an intensive breeding program. More than 100 varieties and hybrids were developed to 
encompass all of the relevant farming systems and ecologies in Africa. In 1986, IITA received the King 
Baudouin Award for this research achievement. 
CIIVIMYT AND VEERY YY BREAD WHEATS 
CIMMYT’s Wheat Program uses a breeding strategy with four interrelated features large numbers of 
crosses’ shuttle breeding; heavy disease pressure; and international, multilocational testing. 
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Background-The King Baudouin Award 
In the spring of 1973, CIMh4YT breeders crossed Buho “S”, a Mexican spring wheat, to Kavkaz, a 
Russian winter wheat. Fl plants were then top-crossed to another spring wheat with parentage of an 
Indian variety, Kalyansona, and a Mexican variety, Bluebird. The F2 progeny were very promising and 
were advanced for further seiection. In 1977-1978 this cross was given the breeding name ‘Veery”. 
In 198 1 Mexico released the first three Veery-based varieties--Glennson 8 1, Genaro 81, and &es 81. 
Pakistan also released a Veery variety, Pak 81. Since then other countries have released Veer-y-based 
cultivars and rapid adoption by farmers seems evident. Since the first releases, over 3 million hectares of 
Veery-based wheat are being cultivated worldwide. In Mexico about 80% of the total wheat area is 
Veery based. 
The reasons for this popularity seem clear. Veery wheats have both higher yield potential and greater 
yield stability. Veery “S” has consistently had 10% higher yields than other high-yielding varieties, thus 
supporting its claim to have broken the “yield barrier.” 
This continued high-yield indicates good yield stabihty. Several reasons are cited for this stability; 
disease resistance, better drought tolerance, better tolerance to cold temperatures early in the crop cycle 
and excessive heat toierance at the later growth states. In acid soils they perform better because they are 
able to extract phosphorus more efficiently. And finally, Veer-y have a compact plant type that results in 
a higher harvest index because there are more large, upright heads per square meter; the plant density can 
be increased; and the plants stay green for a longer period of time. 
The Veery wheats gained CIMMYT the King Baudouin Award in 1988. 
IITA AND CIAT: CLASSICALBIOLOGICALCONTROLOFTHECASSAVA 
MEALYBUG 
In 1990, IITA and CIAT won the King Baudouin Award for their successful collaboration in classical 
biological control of the cassava mealybug in Sub-Saharan Africa. 
The first release of beneficial insects to help control the cassava mealybug was conducted by the 
Biological Control Program (BCP) of IITA and personnel of the Plant Protection and Regulatory Service 
(PPRS) in March of 1984 near Accra, Ghana. 
Biological control of the cassava mealybug worked from the start: the introduced wasps, multiplied at 
IITA and released in cassava-growing regions, readily established themselves in the African environment 
and promptly set about reducing mealybug depredation by half or better, to virtually subeconomic levels 
in many areas. By 1990, natural enemies of the mealybug had been released at about 160 sites in 20 
tropical African countries. The parasitic wasp E. lopezi has made itself at home over more than 2.7 
million square kilometers in the 25 countries of the continent’s cassava belt. 
Over the past few years control efforts have aimed increasingly at eastern and southern Africa. the last 
areas of the mealybug’s invasion. During 1990, national programs in eight countries conducted 
mealybug surveys, releases of natural enemies, and follow-up activity with IITA guidance and support. 
Good control with E. lopezi is reported from most treated areas. 
Biological control of the mealybug continues today in the form of a “‘firefighting” force, to lend help to 
countries when fresh outbreaks threaten to get out of hand, especially along the leading edge of the 
dispersing population. It is also mobilized as a training resource for strengthening of national programs. + 
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Background-The King Baudouin Award 
CIP: INTEGRATEDPESTMANAGEMENTANDTHE~‘HAIRYPOTATO~' 
CIP and its partner institutions developed a series of integrated pest management practices that have 
proven effective in controlling the major insect pests of potato. Among these are the use of naturally 
occurring fungi, bacteria and viruses; predators and parasites; sex pheromones; and insect repellent 
plants. Extensive testing of these technologies has shown them to be capable of replacing up to 90 
percent of the insecticide currently used on potato. 
The host plant resistance work has led to a hybrid potato population (dubbed by the media as the ‘hairy 
potato’) with resistance to a range of insect pests, including potato tuber moth, aphids and the Colorado 
potato beetle. The resistance of the so-called hairy potato is derived from a wild diploid potato species 
(Solanum berthaultii) with high densities of glandular trichomes The trichomes (long-stalked and short- 
stalked) on the plant’s surface trap and kill insects as they try to feed or reproduce. This is the first 
recorded instance of a wild species being used to produce an insect-resistant potato for human 
consumption. The new hybrids were developed by an international consortium of researchers. 
CIP’s research, leading to the development of a series of effective integrated pest management practices 
and the creation of a hybrid population (the ‘hairy potato’) with resistance to a range of insect pests, was 
considered an outstanding accomplishment, and received the King Baudouin Award in 1992. 
IIIT,4: Black sicatoka-Scourge of plantain and banana m-oduction 
Caused by the fungus Mycosphaerella fijiensis, black sigatoka is particularly devastating for plantain 
production causing yield reductions of 30-50% in Sub-Saharan Africa. Previous research to remove 
biotic and abiotic stresses in Muss was limited, in part due to indications that the crop was intractable to 
genetic improvement by classical methods, since most cultivated Muss are triploids and, therefore, are 
almost completely sterile. 
Since 1987, IITA has developed parthenocarpic plantain germplasm resistant to black sigatoka through a 
combination of conventional and new approaches, including interspecific hybridization, policy 
manipulations, in vitro culture, field testing and selection. 
With a research investment of $2 million, IITA has developed hybrid plantains highly resistant to the 
disease with over twice the yield of existing varieties. IITA-assisted trials in 12 sub-Saharan countries 
should produce varieties for release to farmers by 1996. The benefit to farmers who will produce 
resistant hybrids, a sustainable technology, as opposed to existing varieties using fungicides, is estimated 
at 10: 1. Annual production with improved varieties could potentially increase from $2.8 billion to $6 
billion. IITA’s research achievement gained the King Baudouin Award in 1994. 
